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RADIO—~ BASIC THEORY AND TsCHRIQUR

Redic, Technical Basices

T v mion s cvme Toa

In oraer effectively to plan clandestine radio networks, the
casa officer must have e "speaking scquaintence” with the subject
of radio. It is not the intentiom of this peper tc make the reaaer
in amy way en expert on the subject, but merely to introduce it.

¥hat is radio? "fHadio is & means of transmitiing intelligence
hetween two poinis at the speed of light (186,000 miles per second).®
in order to understand how tnis is accomplished, one must tirst
consider the subject of transmissiocn of eanergy. Water waves, sound
yraves and radic waves sppear 1o be widely different phenomena, but
they a&ll bave certain charscteristics in common.

Fach type of wave provides the means for itransferring energy.
it is probzble that nearly all energy is transmitted by means of wave
motion. When z lerge steamer plows through the weter ana sets up
waves that rock the small boet hulf & mile away, it 18 easy to see
that the energy required to do the rocking was transmitted by means
¢f waves, When 8speech is heard scross & room snd & radio statiom is
received & thousand miles away, it is not difficult to believe that
the energy was trensmitted by waves. However, when & men pushes cone
ond of a stesl ber end the other end pushes ageinst an object and
moves it, it is not so cbvicus thet the energy has been trensmitted
by wave mcetion. But if the vibrating cone of = loudspeaker were
alternetely pulling and pushing at one end ¢f the steel bar, the
wave motion which carried the vibration to the ¢ther end of the bar
would become quite epparent. In this case, if the alternaticns were
rupid encugh, it might be founa that when the front enu of the bar
wes pushing forwerd, the other end might already be pulllng backwerd.
This would be caused by the length of time it took for the wave to
travel down the ber. The same process occurs s when the mesn pushes
the bar, but the time element is so smell that the existence of the
#ave 1s not generally recognized in this type of motiom.

Figure L is a representution of wave moticn. Part A might
rzpresent & cross section of a water wave et a particular mcoment. 1f
tue wave is moving from left to right, Part B woula be =« picture of
the wave an instant leter. It will be seen that the crest ¢f the wevs
woich wes in position 1 in Pert A has movea over to position 2 in
Part, B. Part C shows the sume wave at & still later instant, w«t whica
tiwe the crest hes moved to position 3. The rzte &t which the wave is
asving from left to right is called the velocity of the wave. Next,
sunsider the amotion of the point &, which wight be & corx flosting on
the water, or a perticle of the water itself. 4t the instant represeantec
oy A, particie g is on the crest of the wave. 4n instent later, the
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crest has moved on and the particle has dropped aown, &8 shown in B.
Still later, it cccuples the position shown in C. While the moticn

of the wave haes Dbeen continucusly forward, the motion of the particle
{e) haes been up snd down along a verticle line such as 9. The mexi-
distance either side of the line fg traversed by the particle is called
the amplitude of the wave. This ig shown on part A as the length h.

The distance between successive cresis of the wave is called wave length
and is represented by the Greek letter ™ (lembda). Of course, this is
also the distence between successive troughs or any two corresponding
points on successive waves. The pumber of cscillations per second made
by a particle such as a is known &8s the frequency and is designated by
the letter f. If the waves were being generated by moving a board up
ard down in the water, the frequency would depend upon the number of
times per second the boerd was moved up end down. That &8, the frequerncy,
depends upcn the scurce. On the other hend, the speed at which the
weves travelled cutwards would be independent of how rapidly the boerd
moved up end down snd woula be  iependent only on the properties of the
medium—in this case upon the properties of the water. If some other
medium, such as oil or alcohol, were used, the velocity of the waves
would be differsnt. The velgcity of propogation depends © upon the
medium and is independent of the source of the waves. The frequency
w.th which the particle & moves up and down along the line 3 is also

the frequency with which the waves are going past the line, for sach
time g reaches a top pesk in its journey up and down, the crest of the
wave is going past.

For a given frequency f and velocity of propogation ¥V, the wave
longth ™ is fixed snd given by '

v

A=

f

+ is usually expressed in meters, ¥V ln meters per second, and the
frequency £ in numbers of cycles per seccnd. This can also be written
as

V = af,

which means that the velocity with which the wave is moving is equa;
to the length of the wave times the number of waves per second passing

e given point.

The velocity of scund in the eir is about 344 meters per second,
so that & 344 cycle oscilletion would produce a wave 1 meter long. The
velocity of electromagnetic waves is 300,000,000 meters per second and
it requires an oscillation frequency of 3J0 megucycles to produce & wave
1 meter long.
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The waves plctured in Figure 1 are known as transverse waves
because the motion of the purticle is at right angles to the direction
2f the motion of the weve. That 18, the wave is moving forward, left
to right, and the purticle 1s moving up and down. With the socund waves
in the air, on the other hend, the psrticle motion is buck and forth in
the direction in which the wavs is moving. osuch & wave is called a
longitudinal weve. It is illustrated in Figure 2 sbove. The density
of the lines represents ithe pressure in that region. Pressure maxinma
snd minime correspond to the crests end the troughs of the wave in Figure
1. The wave of pressure is moving from left to right amd the arrows
indicate the direction in which the particles are moving. The particles
move in both directions from a pressure meximum to & pressure minimum.
The particle movement results in a pressure meximum which is formed whers
£ ncmeat before & pressurs minimum existed; in this menner the wave moves
en. The individusl particles, however, oscillste only back and forth,
in & menner similar to the up-and-down oscillation of the particle in the
case of the trensverse waves.

Transmission ¢f signals by radio

A communicetions system is esteblished for the purpose of rapidly
transmitting intelligence from one point to ancther. The two principle
means of "instentanecus" trensmission are by wire and redic. Redio is
the only practicel means of communicating with such moving conveyunces
as boats, airplenes, motor vehicles,etc. When a body of water such as
the Atlentic ocesn is located between statlonary points of comumunications,
radic often proves to be the best system. Radic is &lso the most logicsl
system tc use when the transmissions are to be received at a great many
voints, as in broadcesting to the general public. The reason for this is
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net the wedium for transmission is present everywhere ana such &
physicael conneeticn 25 & wire between two points is unnecessary.

Radiotelegraphy. The information transmitted may teke the form
¢f a message sent in dots and dashes. The method is called radio
telegraphy. The transmission is instenteneous.

Radiotelephony. The humen voice, music ané other sounds mey be
transmitted by radic. This method is called receteleph ony. The trans-
xisslon is instantanecus.

fiadioc communications system. The three prinmcipal parts of &
comiwnications system are the trensmitting statiocn, the medium, end the
recelving station. A block diagram of this is shown in Figure 3. The
transmitting section is composed of & transmitter which generates and
modulates the radic frequency power and an entenna that produces an
electromagnetic radiation. The medium conducts the electromagnetic
vzdietion out into space. A recelving station consists essentially
ot an antenna and & receiver. The receiving sntenna is in the electro-
magnetic fleld produced by the transmitting station and therefore a
current is made to flow through it. The receiver performs the functicm
ol converting the current in the receiving antenna into the intelligence
tuat is contained in the transmission.

TARANS. RECEWVING
ANTENMA ANTEMN A

e [ e
i

TRANS
r'\Eb\Uﬂ'\ S

s P
— ——

X‘i”\a%».\re.a

Approved For Release 2001/04/24 : CIA-RDP78- 03362A001000020003 3

CFBRET 28




k-

Approved For Release 200,1;04/24 : CIA-RE&EEEEIZAOMOOOOZOQN%

8 < i /tﬂ /fﬂ

/’,?\\ F N

e fm

o ey
% /‘
4
P
7
i
£

\_ L S, |
oE” maTion

Approved For Release 2001/04/24 : CIA-RR@]5£3362A001000020003-3

Ll 2.4



Approved For Release 2064404/24 : CIA-RIPT§ fBd2A001000020008-3

o B

" am———" D:::?
< 7 e TToNIED :E\QL\EQ

ot TR,

>
‘;’;ﬁ #’:ﬁ’ = \\
. N \\
/{/ ) ~ \\ \
g NN \\
g f A

/ N\
’ REFRACTION oF SK\\WH\)& BL(‘ \

AN WONIED L-M\ R
~3

G ROVVD
wWrveE

G ROUM & W AveE Av D \‘(3
L (]
Vimueg RAD AT 0WE

?hﬁ't@& !

Approved For Release 2001/04/24 : CIA-RDP78-03362A001000020003-3

CCORET 20



oz o FEPREL :
Approved For Release 2004/04/24 : CIA'RP L03362A001000020045-3

5

General Nature of Propogation

When & radic wave leaves an antenmna, it spreads ocut in all directiocns,
as inaicated in Figure 4. Part of the radiuted energy travels along the
ground and 1s guided arcund the surface of the earth, much as electro-
magnetic weves are gulded by wires. This portion of the raciation is
called the ground weve, or the surface wave. The re.ainder of the energy
ls called the gky wave or the gpace wave. It is radiated upwards into
space and would be lost completely if it were not for the reflecting
layers of icns and electrons which exist scme 30 to 250 miles above the
surface of the earth. These icnized layers can reflect or refract a
portion of the incident radiaticn back toward the earth and sc proauce &
gignel at distant points.

The ground wave is the part of the radleted energy which travels
along the ground. It induces voltages and currents in the ground which
sabtract energy from the wave. 1f the ground were & perfect conductor,
these ground currents would flow without any losses and the ground wave
would be uneffected. However, since the ground does zbsorb scme of this
energy and the strength of the ground wave is recduced as it spreads
o7er an ever-increasing srea.

This loss of energy (fading of strength of the ground wave) depends
oit the zbsorption (risistance) of the ground and the frequency baing
used. Over identical ground, a high frequency signel is attenmueted much
more than & low frequency signal.

Because the ground wave is attenuated sc much &t the higher
frequencies, its chief use lies in the low frequency or brocadcast bands.

. Vaytime reception of regular broadecast stutions is entirely by means of
the ground wave.

Ihe siky weve, or the energy radiated ugward by an antenna, would be
waxrte ap far as radic communications are concerned, i1f it continued on
its path and did not return toc earth. Fortunately, under certain circum-
stances, it is reflected from the ionisphers, or what used to be called
the Lennly-Heaviside Layer. The reflected wave may return to the earth
at a2 distence from the antenna much grezter than can be rezched by the
ground wave. This reflected wave makes extremely long distance communi-
cetion possible.

The ionisphere consists of seversl ionized leyers—-that is, severszl
leyers which are electrically conaucting. These lLayers exist in the
upper parts of the atmosphere of the earth. HKRecic waves that strike
these conducting leyers heve their paths changed while pussing through
the leyers. Often the waves penetrate all the leyers ena sre lost, but
more often the waves are bent in their paths sna return tc esurth et
agistent points. The heights of the layers snd the degree of icnizatiom
determine how far radic waves will go ana what frequencies give the best
trensmission. Oky waves that return to the earth from the icnisphere
heve been found to come from different heights ebove the earth, aepending
on the frequency ana the time of reflection.
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There sre severel layers to the lonisphece which have peen
veierally aeterminea as haevirg en important elfect on tremsmission.
Thase leyers mzy be found et vericus dirferent neights, cepenaing
o time of Guy wno beason of the yeaur. HEising or iuweriog them
inzreuses or aecreuses the angle of reflection, thus ovringing the
rellectec weve back to earth st aiffering aistences for zny given
fraquency. ‘fhils mey heve an importent effect on wgent set opers-
tisn, in that the distance over which the set mey be effective
viries according to the time of yeaor cna time of dey.

It hes zlso been learnec thet freguency also has a great desl
te ao with the distence over which & set mey be operuted. The higher
tha frequency, the grester the penetreiion of the ionisphere an tha
grzater the wangle of reflectivm. This engle ney eventusily approuch
tne point where tae reflecticn no longer returns te the earth sna  ine
gimal is lost,

The engle of benaingmey be controllew to & degree by thse msnner
in which the sigpal is sent ocut intoc space. At & given freguency,
vz rtical trzasmission of the wave might penetrate the ionsgphere
znid be lost while if tos same frequency is transmiittea et un angle,
it mey reflect fron the icnisphere and retura to esrth.

This reflectisn of the radic weve from the ionisphere creutss
nother groblem which must be comsiaered im all transmissiocns: the,
‘azt that between the transmiiter wnd the point where the reflectsd
ware strikes the earth, there will exdst am &res where the signsl
wii.l not be heard, despite the fact that the intermedlate locatiom
is considerebly nesarer to the point of origin then the point where
the refiected signei strikes ihe eerthis surface. This blind spot
is known e&s ihe skip distance. By taking sdvantege of this pheromena,
it is possible for an zgent Lrunsmitter to be hesrd from Germany
in Washington, L,0., yei not be picked up in knglend or sen Francised.

By

A

Once the reflectec weve strikes the earth, it mey be reflectea
irom the eartk, since the eurth is & partisl concucter. This retflected
wave may then strike the ionisphere sno be reilectea once wore,
striking the earth st & grest uistance from the transmitter. This type
ot path is known =s twe-hop transmission, &s cowmpurea with the cne-ncp
tremsmission zireczqy menticned.

Lriticel Freyuencies are the highest frequencies =t which waves
sent vertlcally upwerd are returnea by & layer at a perticular placs
an time. The critical frequency for & particuiar lesyer is pot the
aighest frequency which cuam be used for comaunicstions using that
lagyer. As hus been pointed oiit, it is necessziv cely to cecresse the
sagle that the wave path takes in leaving the earth in order to havs
a rkigher freguency reflected by the layer.
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kach month the Uniteo otates Burseu of oltanaeras pubiisnes
ionisphere dzte, incluaing precictea meximum ustble freyuencies
icr the ensuing month over sny given uistance on the basis of one-
hop transmission.

Repla Fuaing. Jrecusel fecing mey occur auring changes in
ionisphere conditions irom sexzson to seascn-ena year to yewr. There
tre, however, cuses in which severe fwcing occurs repioly. One of
the most startling of the irreguler veriations in the imnisphere is
that «nown &s the rudic fedeout. 4 ruecic fraecut is  the result of
& sudden burst of icnizing recizticn trom the sun which cususes the
cinization in the [ leyer (cne of the several lsyers or the ionisphere)
to inerease suadenly; this in turn grestly incresses the absorption
¢f the sky wave &t ell frequencies. The effect on raedic trunsmission
is the sudden fedecut of &ll signels on frequencies sbove epproximetely
1.5 megecycles.

Ancther snd importent change in the icnisphere 1s s«nown &s an
ionisphere storm. Iuring such & storm, the ionisphere becomes quite
unsteble in its effects on ruaic weves, csusing signuls on wbout 1.5
megecycles w«nd tbove to fade snu arep in ievel. & type ol fuaing
gnown &8 Wintter feaing" tekes place, especluaily &t night. The effect
of these storms is ususliy the weexening of the sky wave on the brosd-
cest bend at night, but scmetimes it is inecreasea in strength. loni-
sphere sgtorms mey lust from one to twe asys on the high irequencles
end &8 long &s several weexs on the low irequencies. In the fall of
1948, severrionispheric ulsturbances, to «ll intents zna purposes,
curteiled high frequency transmissions in the Pacific 1or three to
four wesks.

Ultre~high-freguency propegeticn. For frequencies sbove 3U me,
the sky weave 1s nc ionger reflected buecx to the eurth from the icni-
sphere ena grouna wave transmission is impossible, due to the fact tnat
-the eurth completely shorts cut rudio waves et these trequencies.
Trensmission above 30 me depends on streight iine propegsation from the
transmitter to the receiver. Because of the curvature of the ezrth
gnd beceuse the radloc weves travel in e straight line frem the trans-
mitter to the receiver, the height of the zntenns aetermines how far
apart the trensmitter and the receiver mey be loceted sne stiill receive
the signal.

It is possible, however, that transmission mey occur beycna the
line of sight, wue toc the fact that sound waves, ruaic weves, sna Light
waves may be diffrected or bent srcund cbstucles in their path. The
amount of diffrection aepends upon the size of the cbstacle &s comperesd
with the length of the weve. &t high frequencies, this bencing, elthough
slight &s compered with low frequencles, mey extena several miles
beyond the line of sight.
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Refraction of reolo weves cccurs due to changes in the uensity
of eir in reletion to height ena chunges in tempersture, pressure, ana
the azmount oi weter vepor in the s«ir, Tnis rerrection tencs to oena
the weves back to earth znu has an eftect in the lower atimosphere
similer to¢ the effect of the icnisphere in the upper stmosphere., The
incresse in the distence in trinsmission obteinea as the result of
refraction cen be sllowea for by consloering the eurtn to be actuslly
Tiutter then it really is; that 1s, by assuming its rsaius to be
increased by sbout «U% to 35%. oignuis receivea by reason of refrictiocn
are not as steble &8 those for virect ruy trensmission beceuse wiight
chenges in the condition of the stimcsphere chenge the wmount of

refrection zna so proouce fuaing.

Microweve (ebove 300 mc). In the microwave region, the uirect
waeve must be used end communiczticn is not possible much helow the
line of sight. Since there is practicelly no stutlic or fuaing in
this frequency renge, reception is very sutistictory. Highly
directive uantenna «rrzys cun be bullt in a smell space to concentrate
the energy in & narrow beam, thus increasing signel strength. Truns-
mission in this region mey have some excellent possibilities in
snore-to~ship tronsmission or point-to-point treansmission wcross

frontiers end control areas. (see Cherts I end 11 )

Cirection Finding (DF'ing; Directicn finaing, & wmethca with
which wll tield officers shoula be femiliar, is an importunt conesiaerz-
tion in clenaestine radio operstion. thaolo LF'ing ususlly mukes use
of cirectionel zntennes at the receiver. By using & alrecticnel
receiving sntennz which may be retetea, the uirection from which the

signel is coming way be aetermined quite sccurztely.

If &4 loop untenne is mounted s thet it cen be rotetea on &
verticed wxis wnd tunea t¢ & station, the loudness of the signal
receivea will oepena on the direction ¢f the locp with respect toc Lthe
sending staticn. Ii the plane oif' the loop is &t right engles to the
line to the station, no signals will be heera, but it it is turnea
90° from this position, meximim signeals will be hearda. Thus, either
the position of zero signsl (the null pcsition) or the position of
the loudest signal could be used lor cirection finaing. The null is

usuelly used, since 1t gives & sherper inaication.

When & loop is turned to elther the null position ¢r the positicn
of meximum slgnel, there 1s still uncertainty es tc whether the
signel 1s coming from the front or the beck uirections of the loop.
This uncertesinty exists since there &re two pousitions of the loop itor
zero signel. The direction may be aetermined, however, by zaning whet
is known &s « gense antenna tc the loop arrengement. The sense

entenne inaicestes the direction of the trunsmitting steticn.
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There ure, however, other complicuting factors im LF'ing. In
& neighborhood where there «re wires, large metal objects ana conuuc-
ters, errors in the bearing indicetors will be noted. Unager such
conditions, the DF'ing becomes u process of elimination ana petience.
Of course, en sgZent ruaic, operating for short pericas om constzntly
chenging frequencies and at aifferent times, complicetes further the
attempts to Locate it by DF'inge.

The troubles from reflected signals, electrical aisturbances,
etc. are generally asscclated with DFing when the stution location
is narrowed down to & specific ares. The locetion of the general
area of operation is not too difficult for experienced DF'ing teams
working together in triengulation. N

. o
Tisngula ton Mathod
u§'DFﬁn1

Dfine TTEAM
&

0 :
a2 /

The field officer must never overestimaeé{;ha capabliities of
the equipment with which he deuls. The radio transmitter is en
instrument of limited mesns. One of the chief limitations with which
the Case Officer is most often concerned is the limitetion on power.
Fower is needed to get signels through--to cover long aistences. The
sgent set is limited in this respect becuuse it is usually & smell
set which cun essily be hidden end which cennct arew power in opera~
tion to the point where it will be an unwarranted security hazard. GSome
egont radios have power ocutputs &s low as 1 watt. Compare this to the
thousends of watts of cutput of some commercial and commercial traas--
pitters.
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Cian® 1. Use of Line-of-Sight Trensmission tor transmitting
Intelligence Across Frontier Berriers
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CHLRT 1I. Use of UHF trunsmitter for snore-to-shore ship rz?dm con_tr_:cta
By use of airectiocnal sntenna beuming of radic signel, ship
in foreground is unable to receive or aetect contact between
sgent transmitter on shore and ship on horizon.

AL i i ——————

UHE TRAMS

T s o
m“ M 7,,.; Y-
e e,
ha D e A R,
»‘»‘zx,.v, L-r.\rmq,.\ T .

PTa— _’.,_‘——"\o--— Nvacuns .

A

)
Approved For Release 2001/04/24 : C_I&BHIO%GZAOM000020003-3

37



Approved For Release 2a4/04/24 : CIA-RDP78-05362A001000026003-3

NITLINE —— RADIO, BASIC THEORY AND TECHNIGUE

NOT APPLICABLE
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CHnRT IL11. NULL Position--perellel to signal scurce, indication
of direction in which trunsmitter is loceuted.
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